ABSTRACT
INTRODUCTION
The main economic indicator of a country's growth is usually taken to be the Gross Domestic Product (GDP). GDP can be roughly defined as the total market value of all goods and services produced in a certain country in a given period of time (Ivkovic 2016) . GDP mainly mirrors the product of a country, regardless of the type of product and who benefits from it. One of the main criticisms of GDP is the fact that it does not take into account the distribution of wealth resulting from these production. More often than not, the extra income generated by the growth in production is enjoyed only by a small portion of the population often referred to as the privileged elite. In light of this, we seek to understand more about the Malaysian economics through analyzing the distribution of Malaysian Household Income and particularly the top 10%.
The top earners are usually the ones benefiting the most from increases in GDP especially in English speaking countries (Atkinson et al. 2011) . This is sometimes attributed to improvement in talent allocation, leading to more overall profits and hopes that the wealth will spill over to the rest of the population. On the other hand, the unequal distribution of wealth may lead to resentment in the less endowed portion of society. This resentment has been touted as the underlying cause to political upheavals in many countries. Thus, the recent focus on the bottom 40% (B40) of the population by the government of Malaysia is seen as a step in the right direction. Without getting into the long winded debate of the left versus right approach to economy, this paper intends to shed some light on the level of income inequality in Malaysia by scrutinizing the top 10% of its earners, in an attempt to further illuminate its path towards a stable and strong economy.
THE FRACTAL NATURE OF ECONOMICS
First introduced by Mandelbrot, fractals can be described as never-ending patterns that are self-similar across different scales (Takayasu & Takayasu 2010) . These patterns can sometimes occur due to repeated application of relatively simple operations and can be found abundantly in nature. From the simple repeated pattern of a fern leaf to the branching pattern of river networks observed from satellites, people have been finding fractals everywhere. This is particularly true for economics since Mandelbrot himself was said to have envisioned the concept of fractals while he was analyzing the price fluctuation of the New York cotton market (Mandelbrot 1963) using the daily data of more than a hundred years. He was struck by the geometrical similarity between charts of different time scales and envisioned that scale invariance in both shape and distribution could also be true for other natural occurrences. Scale invariance is a feature that remains unchanged at different scales of a variable (such as time in Mandelbrot's case). This feature is at the heart of the fractal. A fractal can be roughly defined as a complicated scale-invariant configuration (Takayasu & Takayasu 2010) . Therefore, if a shape of a fractal can be observed geometrically, zooming in on the fractal will reveal the same patterns repeated over and over again regardless of the scale one is zooming at. Think about zooming in on the repeated patterns of a fern leaf or a Romanesco broccoli. However fractals can also be shapeless quantities, in which case it is characterized by its distribution known as the power-law (or scale free) distribution (Ogwang 2011; Takayasu & Takayasu 2010) . A fractal is said to be scale free due to its scale-invariance (self-similarity) in this sense.
The probability distribution of variable representing a fractal can be written as
where α > 0 is a constant known as the power-law exponent (Clauset et al. 2009; Newman 2010 ). This distribution is also sometimes referred to the as the Pareto law (distribution) for top incomes (Atkinson et al. 2011; Brezinski 2014; Mandelbrot 1963) especially when wealth allocation is concerned. Thus is also known as the Pareto parameter. Pareto's work suggested that the upper tails of income and wealth distributions follows a power-law and this has been observed in varying degrees for incomes of many different countries such as the US, China, Russia (Brezinski 2014), Canada (Ogwang 2011) , India (Sinha 2006) , Australia, Italy (Clementi et al. 2006) as well as many other countries (Atkinson et al. 2011) . The rich-getsricher concept usually observed in income distributions leads to the fractal nature of it (Jones 2015) .
One of the most important works on economic equality was done by the late British economist, Sir Anthony Barnes Atkinson. His group at Oxford University has collected, analyzed and shared their findings on 25 different countries including Malaysia. His Chart book of Economic Inequality is very informative and have plots of data ranging from before independence (1957) up till 2014 (Atkinson et al. 2017) . The data they analyzed are taxation data including the ones kept by the British before independence. Unfortunately, on that same page, under the 'Wealth Inequality' and 'Dispersions of Earnings' one will find that 'no suitable data were found' is written (retrieved 31 March 2018).
The aim of this paper was therefore threefold. First we provide evidence that the top income bracket of the Malaysian household income follows a power-law. Next, using the exponent of the power-law extracted from the data and by some rough comparison with exponents of other countries, we then attempt to understand the level of relative inequality throughout the years 2007 -2014. Subsequently, we illustrate that the level of inequality is different for different types of job-classification. Despite the many pitfalls of power-law estimation (Brzezinski 2014; Clauset et al. 2009 ), we believe that the analysis will provide valuable insights into the economic standing of Malaysia.
INCOME DISTRIBUTION AND THE TOP 10%
The 2007 -2014 Household Income and Basic Amenities Surveys (HIS) was provided by the Malaysian Department of Statistics (DOS). Based on the DOS report, the average Malaysian household has around four members with two breadwinners and there are more households with multiple income recipients than there are single-income households (Department of Statistics Malaysia 2014). Table 1 summarizes the basic statistical indicators of the data where one can see that all the values are increasing throughout the years except for the value of maximum income that drops to about 1.2 million ringgits in 2009 from the previous 1.3 million in 2007. According to the World Bank, Malaysia's GDP from 2007 to 2014 was always on the rise except for the year 2009 where the GDP dropped due to recession. Therefore, this indicates that the GDP of the country is highly dependent on the high income earners earning close to the maximum value.
A higher increase is observed from 2012 to 2014 as compared to the increase in previous years. The differences in income distribution is widening as evident from the maximum and minimum income especially from 2012 to 2014. The median income in 2014 is RM51,020 whereby 50% of the population has less than this value. The maximum household income is about RM2.24 milion for 2014 and the gap between the income of the average population and the top earners seems to be larger in 2014 compared to 2012. The same data is plotted in Figure 1 and it is clear that most Malaysians are in the lower half of the income bracket. In fact, the median household income is often used in the Malaysian context (Intan Nadia et al. 2016 ) since the mean does not reflect the income of most households due to distortion by the incomes of the upper income bracket.
In Figure 2 , we take the log-log plot of values in Figure 1 . One can see that towards the right hand side of the graph (top income bracket) things start to look very linear. We shall argue that this is evidence indicating a fractal nature of the data. In Figures 3 and 4 , we plotted the top 10%, 1% and 0.1% of the gross household income for years 2014, 2012, 2009 and 2007. One can see that the figures of straight line look quite similar regardless of the scale (10%, 1% and 0.1 %) with values of between 2.5 and 3 (save for one occurrence of 0.1% in 2012 which we attribute to the lack of data). The combined top 10% for all four years is plotted in Figure 5 , leading one to conclude that the exponent fluctuates between 2.5 and 2.75. Thus we observe the power-law distribution in the top 10% of the data of all four years in which the survey was done.
QUANTIFYING INEQUALITY
To relate the values in Figure 5 with level of inequalities, there are several indicators that can be utilized (Atkinson et al. 2011 ). The relationship between the level of inequality and exponent is generally taken to be inversely proportional. In fact, a simple form of inequality indicator known as the Pareto Inequality (Jones 2015) can be written for variable such that,
Thus when we compare (2) to (1), we get that α = 1/η. The larger value of , the larger the level of inequality. To illustrate the meaning of this statement even further, we utilize the inverted Pareto coefficient β (Atkinson et al. 2011 ) which is derived from the power-law exponent such that β = . The values α and β has an inversely proportional relationship since β = = = + 1, however it has a more intuitive description of inequality. For example, β = 2 will imply that the average income of individuals with income above 100,000 is 200,000 and the average income of individuals with income above 1 million is 2 million. This due to the fractal (self-repeating) nature of the distribution. β has also been used to indicate the 'fatness' of the upper tails in Pareto distribution.
Taking the 2014 value for α = 2.6 from Figure 5 , we get that β = 1.625. Thus implying that those with income above the RM2018955 income threshold (the lower bound for the top 10% obtained from Table 1 ) earn (RM2018955) β = RM3280802 on average. As displayed in Table 3, To put things in a more international perspective, take into account the calculated Pareto Inequality η = 0.6 (thus β = 2.5) for the United States of America (Jones 2015) . From Table 3 , the 2014 values for Malaysia are α = 2.6 η = 0.38 and β = 1.625. Therefore in this way, one can say that, the level of inequality in the USA is higher than Malaysia. Different values of α have been approximated for many different countries (Atkinson et al. 2011) . For example, approximations of the values for the year 2000 for Australia, Italy (Clementi et al. 2006) and South Korea (Yoon & Kim 2005) Table 4 . In the table, the 'Managers' category has α = 4.74, η = 0.21 and β = 1.27. However, the 'Plant and Machine-Operators and Assemblers' category has α = 4.74, η = 0.21 and β = 1.27. Thus, we can conclude that income inequality is generally higher for managers compared to operators and assemblers. All the other categories are in between these two in terms of inequality, sorted from highest to lowest inequality in Table 4 .
Based on Figure 6 , 66.4% of the top 10% of household income earners in 2014 are from jobs categorised as 'Technicians & Associate Professionals' as well as 'Professionals'. Surprisingly clerical support workers contribute to 14.34% of the top 10% income earners in 2014. Even though 'Managers' are only 1.5% of the top 10% income earners in Figure 6 , their average income is the highest among all classes. A more thorough analysis of the income of these job types throughout the different years is the subject of future research.
DISCUSSION
The advent of big data has fostered interdisciplinary interactions of many different fields of studies including mathematics, physics and economics with the common aim of understanding the nature of data sets. One such interdisciplinary area is called econophysics with fractals as one of its founding elements (Takayasu & Takayasu 2010) . Economics and wealth distribution are very important issues especially with the emergence of the internet and hence the various channels to voice out resentment for people feeling left out despite the growth in GDP. The power-law exponents used to understand the level of inequality given by the survey has shown that alongside this increase in GDP comes the increase in income inequality. As previously demonstrated, this inequality is a long way from the levels in the USA, however our results indicate that it is increasing more rapidly than in previous years. We view this result as significant since a domestic economy like Malaysia needs disposable income to fuel consumption (Khazanah Research Institute 2014) thus income inequality may reduce the pace and durability of economic growth. Over the last thirty five years, the inequality level have increased substantially in English speaking countries, India and China but not in continental European countries or Japan (Atkinson et al. 2011 ). This increase is highly suspected to be due to the surge in top wages.
From Table 4 and Figure 6 , one can see that the top 10% of the 'Managers' has the most unequal salary range but they comprise only 1.5% of the top 10% overall income earners even though their average income is the highest. Therefore it is not too farfetched to say that the increase in the level of inequality was highly influenced by wage increases in this category. This is also a factor in many other countries (Atkinson et al. 2011) where the CEOs and top management getting paid exorbitantly high salaries has come under scrutiny. Being a developing country, Malaysia is already grappling with these issues (for example the recent focus of the government to the bottom 40%) and research into wealth inequality is of paramount importance.
Prof Atkinson and his group have derived the Malaysian values of for the top 1% up till 2010 by analyzing taxation data (Atkinson 2013) . However from 1997 to 2010 only the values of for the top 0.5 in the top 1% is given. For years 2007 to 2010 the value of hovers between 2.2 and 2.4. This is a more detailed analysis that can be done with a larger amount data and higher frequency, which is not the case with the current data in our possession as evident from Figures 3 and 4 where the top 0.1% leaves only a few data points to be extrapolated from. Our results in Table 3 , which gives the value of for the top 10% in the same time period is much less accurate. Nevertheless, we are very thankful to the Department of Statistics for the survey data used in this research. Regardless of doubts in terms of its accuracy (Atkinson 2013) , it gives us valuable insights into the general Malaysian income distribution. For future research we are hoping to get more accurate and higher frequency data. This will enable us, to do a more detailed comparison with other countries in terms of top 1% or even top 0.01% of the population.
On a more local level, arguably the most sensitive issue in Malaysia is the income inequality between the races. The New Economic Policy of 1971 is said to be successful in lowering wealth inequality (Krongkaew & Ragayah 2006) although the numerical evidence when examined as a whole country is scant (Atkinson 2013) . We suspect that analyzing the income inequality along the racial line may be able to shed some light on the issue. It will also be interesting to see the effect of the recent focus of the government to the bottom 40% (B40) and its effect on the level of inequality as a whole country, separate states and along racial lines.
CONCLUSION
In this preliminary research, we provide evidence that the upper tails of the Malaysian Gross Income Distribution follows a power-law thus fractal in nature. We then utilized Pareto Inequality and the inverted Pareto coefficient to form inequality indicators from the power-law exponents. The outcome of this simple analysis confirms the general increase in level of inequality. Furthermore, when the same data is divided into different occupation categories, we found that the 'Manager' category forms 1.5% of the top 10% of earners. However, the 'Manager' category has the smallest exponent value indicating the highest inequality amongst its top 10% and it also has the highest average income amongst all categories. This highlights the need for more scrutiny in terms of different categories of the society, especially the 'Manager' category, to identify the main sources of inequality. It is our hope that this research will contribute towards the strengthening of Malaysia's current economic position.
